Based on the thermo elasticity theory, the stress of femur prosthesis system was analyzed using finite element method. An evaluation for the selection of prosthetic material was presented after discussing the thermo physical property of material which had an effect on the stress of femur prosthesis system. The results indicate that the interface failure is the primary failure form of the femoral prosthesis system and the interface failure is accelerated for the reason of the thermal effect. So the prosthesis with low coefficient of thermal expansion should be selected which can moderate the interface failure in the certain degree.
Introduction
Recently, artificial joint replacement has been developing rapidly. More than 1500000 people perform artificial joint surgery, of which, hip replacement is most frequently used [1] . When the prosthesis is implanted, the interface between the prosthesis and tissue is not only a boundary but also an interaction region. When the prosthesis is loaded, the interface is subjected to biomechanical influence [2] . Two failures are prone to occur in femur prosthesis system after the hip replacement. The first one is because of the stress shielding. Based on Wolff principles [3] , bone resorption is generated due to the stress shielding which could cause prosthetic stem loosening and operative failure. The second is that because the interface transfers the stress after the replacement, adopting an inappropriate prosthetic material and prosthetic shape also increases the operative failure rate [4] . Therefore, there are many literatures to research the biomechanics of the interface between the femur prosthesis systems. These researches concentrate on prosthetic geometry, but rarely research has carried out about the thermal physical property which also can cause the replacement failure of femoral prosthesis. Prosthetic stem is linked to the femur by bone cement which has much higher thermal expansion coefficient than femur and the stress transfer rate of the interface is greatly affected at high temperature [5] . Additionally, prosthetic materials of different thermal expansion coefficients influence the stress transfer rate of the interface. So, it's significant to study the laws of stress transfer about the femur prosthesis system with different prosthetic materials under the condition of thermal stress.
Material and Method
Thermo Elasticity Modeling. According to thermo elasticity theory, the strain is composed of two parts. One is caused by stress and another is caused by temperature variation [6] . Because of the complexity of geometric construction and force condition of hip joint, it's necessary to properly simplify and idealize the geometry model and biomechanics model when analyzing and calculating biomechanics. The influence of thermal physical property of material on stress distribution regularity is considered in this research. It is assumed that prosthesis, bone cement and femur are linear elasticity and isotropic. They are concentric cylinder combining perfectly after replacement. Considering heat effect, according to thermo elasticity theory relationships of axial stress-strain of prosthesis handle (P), bone cement (C) and femur (F) are showed as follows respectively:
ε , u and σ are strain, displacement and stress respectively. α is coefficient of thermal expansion. E is elastic module. t ∆ is the range of temperature from high temperature. t ∆ is negative usually [7] . Material Property. Cobalt-chromium alloy and titanium alloy are used as prosthetic materials in this paper. Due to almost all the spongy bone are replaced for the prosthesis, so we assume the material of femur is compact bone approximately [8] . The material properties of compact bone, bone cement, Cobalt-chromium alloy and titanium alloy are shown in Table 1 . . The femur end is constrained when the pressure is applied. The thermal effect is considered under the condition of the prosthetic material at 20℃ and the body temperature at 37℃. Fig.1 shows the distribution of shear stress P τ changing along with Z axis of prosthetic stem-bone cement. The maximum of P τ is at the prosthetic terminal and it decreases rapidly then maintains relative stability. The possibility of distal end failure is happened because of the highly stress of interface. It can be observed that the interface stress of prosthesis stem-bone cement when cobalt-chromium alloy is used as prosthesis is larger than the stress is from the prosthesis which is made by titanium alloy. Therefore, the prosthesis made by cobalt-chromium alloy leads to the distal failure easier. Fig.2 shows that the distribution of shear stress changing along with the Z axis of bone cement-femur. From the Fig.2 and Fig.3 , the interface stress distribution of prosthesis stem-bone cement is the same as the stress distribution along with the axial position the bone cement-femur. The maximum of stress is found at the terminal of the contact surface where is prone to interface failing most easily. The interface stress is enlarged because of the thermal effect which accelerates the interface failing. In addition, owing to the elastic module and thermal expansion coefficient of titanium alloy which used as prostatic material is smaller than Cobalt-chromium alloy. Therefore, the prosthesis which made by titanium alloy could reduce the probability of interface failing to some extent. Fig.3 shows that axial stress of bone cement changing along with axial position when the prosthesis made by titanium alloy and Cobalt-chromium alloy. If the room temperature increases from 20℃ to 37℃, the curve got from cobalt-chromium alloy is almost the same as titanium alloy in trends. They're both from the minimum to the maximum rapidly and then remain constant, and the maximum is found at the loading end. Fig.4 shows axial stress of the prosthesis stem made by two different prosthetic materials when the thermal effect is considered. Their minimum both at the distal end, and increases rapidly, then, grows slowly, finally, the maximum comes out at the loading end. The prosthesis of cobalt-chromium alloy is loaded greater stress than the prosthesis of the titanium alloy considering the thermal effect.
Table1. Material Property
material elastic modulus(E/GPA) Poisson's ratio thermal expansion coefficient(α /℃ -1 ) Pyroconductivity (k/wm -1 ℃ -1 ) compact
Analysis Results of Thermal Stress
The mean stress of femur changing along with the position of axis z is shown in Fig.5 . We can get that the axial distribution of femoral average stress and the axial stress distribution of prosthetic stem appears the opposite result. The reason is that femur and prosthesis share the load. The analytical correctness is proved in Fig.4 and Fig.5 . We proved the conclusion that without the thermal effect, the load which femur bearing accounts for 30% of the whole stress under the same condition when using the prosthesis stem. Thus, the axial stress decreases greatly after the prosthesis is implanted and cause stress shielding. In the condition that the thermal effect exists, the stress shielding is eased somewhat.
Conclusions
Considering the thermal effect, the stress distribution regularity in axial is acquired by the analysis and solving in this paper when the cobalt-chromium alloy and titanium alloy are used as prosthesis stem. In order to provide the reference for the choice of prosthetic materials, the axial stress of prosthesis stem, bone cement and femur, the shear stress of the interface among the prosthesis stem and bone cement, bone cement and femur are compared and analyzed. We can reach the conclusion that thermal effect has great influence on the femur-prosthesis system. The conclusions are summarized as follows: (1)With the change of axial position, regularities of interface stress distribution of prosthesis stem-bone cement considering thermal effect are nearly the same trends when prosthetic materials is either cobalt-chromium alloy or titanium alloy. The interface stress distribution trend of bone cement-femur is also similar which can be get from simulation results of two materials. But regularities of axial stress distribution of prosthesis, bone cement and femur are different under different circumstances. (2)The interfaces failure between prosthetic stem and bone cement, the interface failure between bone cement and femur lose efficacy, especially, distal end failure are the main failure forms after replacement of hip joint. Under the effect of thermal stress, the interface is prone to be merged, so the failure mode is not only caused from pure shear. (3)Because the thermal expansion coefficient of bone cement is much higher than the prosthesis, the existence of thermal effect speeds up distal end failure and the damage of interfaces of prosthesis stem-bone cement or bone cement-femur. (4)The thermal expansion coefficient and elastic module of titanium alloy are smaller than cobalt-chromium alloy so prosthesis stem of titanium alloy eases the interface failure to a certain degree when thermal effect exists.
